ABSTRACT Background: The WHO recommends the introduction of nutritionally adequate, safe, and appropriate complementary foods at 6 mo of age, with continued breastfeeding up to 2 y and beyond. Suggested strategies to support continued breastfeeding often postulate optimal use of customary "family foods" and adequate amounts of indigenous foodstuffs and local foods. Objective: The objective was to determine the nutrient adequacy of the diet of Guatemalan children aged 6-24 mo receiving continued breastfeeding and "family foods" rather than specially formulated "baby foods" as complementary foods. Design: "Critical nutrient densities" for complementary foods were determined by using specific energy and protein requirements, assuming children to be in the 50th or 15th weight percentile of the 2006 WHO standards. Nutrient requirements for the total diet were determined by using the recommended nutrient intakes. Breast milk was assumed to provide 75% of total energy between 7 and 9 mo, 50% between 10 and 12 mo, and 40% between 13 and 24 mo. Gaps between computed critical nutrient densities and the bestscenario Guatemalan adult's diet, as a proxy for family foods, were examined. Results: Energy complementation with these diets provided adequate nutrient density for protein, thiamine, riboflavin, and vitamins B-6, B-12, and C but not vitamin A, niacin, and folate in some groups. Major gaps for calcium, iron, and zinc were ubiquitous. Conclusions: The critical nutrient density concept is useful to evaluate the nutrient adequacy of the young child's diet. Multiple micronutrients are likely to be limited in the diets of Guatemalan young children with continued breastfeeding and family foods.
INTRODUCTION
According to the WHO, appropriate complementary foods (CF) should be introduced to the infant at 6 mo of age, whereas breastfeeding should be continued to 24 mo and beyond. This transition of a young infant from exclusive reliance on human milk to the advancing contribution of CF to the dietary intake presents a challenge for provision of the recommended daily nutrient intake. The conventional sequence is envisioned as the introduction of specially prepared and textured "baby foods" followed by the addition of "family foods," over a period of early life when the energy requirements for growth and development are steadily increasing (1) . However, there are difficulties and challenges to ensuring that all micronutrients be consumed as needed, because of the low nutrient density and poor bioavailability in most traditional weaning foods (1) (2) (3) (4) (5) .
Whether baby foods should be consumed at all has been challenged. For example, Gabrielle Palmer of the International Baby Food Action Network (6) highlights the need to bypass any period of consumption of soft, strained, mashed, or semisolid baby foods, adapted to the limited chewing capacity of the infant, in favor of rapid and direct enrollment in the family-food fare.
Whether such advice can be safely adopted depends on the nutrient delivery from family foods after the child's breast-milk consumption has been taken into consideration, especially within developing countries, where nutrient density is typically low. Although human milk is ideally suited to satisfy infants' macroand micronutrient needs up to 6 mo (7-13), it is a relatively dilute source of micronutrients for children in the second semester of infancy, when body size is expected to increase by 50% (14, 15) . The nutrient density of the composite of food offered is the key factor for adequate complementation of breastfeeding (1) .
For the current study, we adapted the conceptual framework used to model critical nutrient densities of CF originally used in the 1998 WHO/UNICEF monograph, "Complementary feeding of young children in developing countries: a review of current scientific knowledge," by Brown et al (1) and updated by Dewey and Brown (16) in 2003. We used this nutrient density concept to examine the capacity of family foods to fulfill the nutritional needs of young children with continued breastfeeding up to 24 mo of age. We used best-case scenario family food menusmeaning those with the best nutrient density-from exemplary low-income households in rural and urban areas of Guatemala (17) (18) (19) (20) . The findings provide insights regarding the feasibility and wisdom of bypassing specially prepared infant food products and proceeding directly with "family foods" as the first and only CF source in low-income societies.
METHODS

Modeled population nutrient requirements
The critical nutrient densities for the CF of young children with continued breastfeeding up to 24 mo were modeled after a series of assumptions described in the following section.
Energy requirements for the total diet, breast milk, and CF Sex-specific energy requirements for children in the 7th-9th, 10th-12th, and 13th-24th mo of age were calculated by assuming a daily energy requirement of 78 to 80 kcal/kg (21) . Energy requirements were calculated assuming that children grew at either the median channel of the WHO growth standards (15) or along the 15th percentile, which would constitute a small but not undernourished healthy child. The energy contribution from breast milk was assumed to be 75%, 50%, and 40% of total energy in children in the 7th-9th, 10th-12th, and 13th-24th mo of age, respectively, as recommended by the World Alliance for Breastfeeding Action (22) . The volume of breast milk corresponding to the recommended energy provided by this source was calculated to estimate nutrients delivered from the milk. The volume was derived by assuming that mature milk provides 67 kcal/100 mL (1).
Protein and nutrient requirements for the total diet, breast milk, and CF Protein requirements were calculated assuming a daily protein requirement of 1.3 g/kg (23) . Age-specific recommended nutrient intakes (RNIs) (24) were used to determine daily requirements for 11 selected micronutrients (vitamin A, thiamine, riboflavin, niacin, vitamins B-6 and B-12, folate, vitamin C, calcium, zinc, and iron). These requirements are specific to age, changing from infancy to the toddler years, but are uniform for healthy children of both sexes regardless of body weight. Either high bioavailability, defined as 50% fractional absorption, or low bioavailability, defined as 15% fractional absorption, were assumed for zinc requirements. Refined diets low in cereal fiber, low in phytic acid content, with adequate protein content principally from nonvegetable sources, have high bioavailability, whereas diets high in unrefined, unfermented, and ungerminated cereal grains, especially when fortified with inorganic calcium salts and when intake of animal protein is negligible, have low bioavailability. Similarly, either 15% or 5% fractional absorption was the respective upper and lower boundary for iron bioavailability for addressing iron requirements. Diets with very high meat contents in 2 main meals daily and high ascorbic acid have very high bioavailability, whereas diets in which meat and fish are negligible, with high phytate, high phenolics, and low ascorbic acid have low bioavailability. The amount of protein and micronutrients delivered from the assumed volumes of breast milk were based on mature breast milk nutrient concentrations as reported by Brown et al (1) .
Nutrient gaps
The protein gap was computed as the difference between ageand sex-specific protein requirements (23) and the assumed amount delivered by breast milk. In a similar manner, gaps for 11 selected micronutrients were computed as the difference between age-specific RNI values (24) and the nutrient content of the assumed amount of consumed breast milk. When the delivery from breast milk was greater or equal to the RNI, the nutrient gap was defined as being equal to zero.
Critical nutrient density
We put into practice the concept of the "critical nutrient density" or the quantity of nutrients per 100 kcal of CF that would achieve the recommended nutrient intake after accounting for the daily nutrient delivery from human milk. The critical nutrient density of CF was calculated as the nutrient gap divided by the energy provided by CF and presented per 100 kcal.
Reference population for family foods
The nutrient density of traditional family foods was modeled based on the diet of the Guatemalan sample from the Concordance Project (17) (18) (19) (20) The Positive Deviance approach was used to select participants with a nutritionally adequate diet (17, 18) . Forty of 301 (13%) rural and 42 of 298 (14%) urban poor Concordance Project participants consumed nutritionally adequate diets. This bestcase scenario diet was used to determine the family foods potentially available for complementary feeding in Guatemala and to subsequently assess the nutrient gaps of infants based on hypothetical dietary modeling. The observed nutrient densities of the model diet of the Concordance Project participants living in rural and urban poor areas were compared with the critical nutrient density profiles modeled for a boy growing at the 50th percentile of the WHO curves (15) and a girl growing at the 15th percentile, representing the lowest and the highest nutrient density requirements for young children.
RESULTS
Daily protein and energy requirements, based on the WHO standards for infants and toddlers (21, 23) following either the 50th or the 15th weight percentile of the WHO (15) growth standards, are presented in Table 1 . Differential, age-appropriate contributions of breast milk were modeled into the calculations, and the resultant volumes of human milk required to supply these amounts of dietary energy were derived.
Shown in Table 2 are the amounts of protein and selected micronutrients from the corresponding energy-specific milk volumes across both sexes and the 2 index growth channels. In both instances, the negative consequences of having a smaller energy allowance by virtue of sex or size are illustrated. For example, a boy in the 7th-9th mo of life growing in the 50th percentile would consume 761 mL milk, which would deliver a daily 213 mg Ca, whereas a boy growing in the 15th percentile would consume 681 mL milk containing 191 mg Ca or 22 mg less calcium than their faster-growing counterparts.
In Table 3 , a matrix of "nutrient gaps," that is, the amount of each nutrient that would be needed after accounting for breast milk's contribution, to meet the intake recommendations is presented. As expected, the smallest gaps are observed in boys with weight accumulation at the median of the WHO standard (15), followed closely by girls in the same growth channel; however, the gaps widen considerably among both sexes growing along the 15th percentile.
In Table 4 , we present a corresponding matrix of critical nutrient densities of CF calculated as the nutrient gap divided by the energy provided by CF by sex, age group, and the 15th or 50th percentiles of growth trajectory. These represent the nutrient concentrations in the CF required to reach the RNI value. As can be seen for both growth channels, substantial nutrient gaps between daily requirements and nutrients provided by breast milk exist for vitamin A, niacin, folate, and the 3 essential minerals of interest: calcium, iron, and zinc.
The ability of family foods to satisfy the nutrient intake unmet by breast milk is explored in Table 5 . The first column represents the observed nutrient densities of family foods modeled from the exemplary adults from both rural (n = 40) and urban (n = 42) low-income circumstances in the Concordance data set (17) (18) (19) (20) . These densities can be contrasted with the modeled critical nutrient densities for the complementary feeding of a boy growing in the 50th WHO percentile, ie, the lowest critical nutrient densities within the young children modeled. Additionally, we present a girl growing in the 15th percentile, ie, representing the greatest challenge by virtue of their low energy allowance. The densities in brackets are those that fall short of fully complementing the human-milk offering of that nutrient to meet the recommended daily RNI. As can be seen, the critical nutrient densities modeled for a boy growing at the 50th percentile and a girl growing at the 15th percentile are not fully met even by exemplary Guatemalan family foods at any point between the 7th and the 24th mo of life consistently with regard to calcium, zinc, and iron. In addition, gaps are observed for vitamin A, niacin, vitamin B-6, and folate for girls growing at the 15th percentile. The deficits for the vitamins tend to disappear for boys growing at the 50th percentile of the WHO standard, but gaps still remain for niacin and folate as well as the essential minerals with exemplary family foods as the complementary feeding source.
We went further in our analysis and modeled the required nutrient densities for pregnant or lactating women, which represent the highest adult RNI (24) . A diet satisfying the highest adult requirements would only satisfy 3 critical nutrient densities (thiamine, riboflavin, and vitamin B-12) for the 7-9-mo-old thinbut-normal female infant and only 4 (with the addition of vitamin B-6) moving up from 10 mo and through the toddler years for the same reference child (data not shown).
DISCUSSION
With a renewed focus on the first 1000 d of human life, ie, from conception to 24 mo, as the critical window to ensure adequate growth and development (26), complementary feeding practices take on unprecedented significance in global public health. In addition to being prepared with sufficient hygienic precautions to avoid transmitting food-borne organisms to infants and toddlers, CF must contribute the nutrients to daily recommended intakes ). 5 Assuming that CF provides 25% of total energy in 7-to 9-mo-old infants, 50% of total energy in 10-to 12-mo-old infants, and 60% of total energy in 13-to 24-mo-old infants as recommended by the World Alliance for Breastfeeding Action (22) . 6 Assuming that breast milk provides 75% of total energy in 7-to 9-mo-old infants, 50% of total energy in 10-to 12-mo-old infants, and 40% of total energy in 13-to 24-mo-old infants (22) . 7 Assuming that breast milk provides 67 kcal/100 mL (1).
that are not met by breast milk after the sixth month of life (7, 8) .
Because the feeding of family foods from the household table has been suggested as preferable to specialized baby foods by some child-feeding advocates (6), we found it important to model the capacity of family foods to meet infant nutrition recommendations by using a relative best-case scenario from actual adult intake data from low-income individuals with exemplary eating habits (17) (18) (19) (20) . The critical nutrient density of the CF approach (1, 16) was adopted to provide the comparative analysis.
Strengths and limitations of the study
The utility of the critical nutrient density, introduced by Brown et al (1) , and recently used by our group to assess the adequacy of rural (27) and urban (28) infant diets, has once again been demonstrated. An additional strength was our use of an internationally accepted standard both to update the Dewey and Brown (16) revision and to model infant and toddler growth from the new 2006 WHO growth standards (15) . Our model was based on the realistic capacity within poor Guatemalan households and the assumptions of nutrient density of family foods based on intake data from the most exemplary nutritionally adequate members (17) (18) (19) (20) .
However, we acknowledge some important limitations. First, our modeling relied on several assumptions-such as total energy requirements, body weight, energy contribution from breast milk, energy and nutrient contents of breast milk, nutrient requirements, and the bioavailability of nutrients-and each one is prone to a certain degree of error. On the one hand, because Estimated Average Requirements do not exist for the UN recommendation system (24), we and others (16) have used the RNI, which is based on individual requirements, as our standard; this tends to overestimate nutrient density requirements when a population focus is at play. On the other hand, because low-income Guatemalans have less than ideal environmental conditions and poorer maternal welfare, the actual nutritional needs of infants and toddlers in this setting may be higher than those in the international standards. Moreover, because of the less than ideal hygienic and nutritional circumstances in Guatemala, the 50th percentile of the WHO growth standards (15) is undoubtedly an overestimation of the central tendency of weight gain of the population of interest. As such, the energy allowances below that of children in the 50th percentile would predominate, placing more pressure on the nutrient density of the CF to satisfy nutritional needs. A further limitation was the lack of specific data on the nutrient composition of breast milk from Guatemalan mothers, which forced us to rely on estimated international values for mature milk in developing countries (1) . The milk of Guatemalan mothers is likely to have higher amounts of vitamin A and folate because of existing food-fortification programs (29) (30) (31) (32) and lower vitamin B-12 concentrations given observed low intakes in this population (33, 34) . Determining the true nutritional value of breast milk in Guatemalan women may significantly change the deductions made in the current analysis.
Our present process may have overestimated deficits to be made up by CF for niacin. In theory, part of the niacin gap left after allotted milk consumption could be made up from the same source by conversion of tryptophan of milk protein, because human milk contains 19 mg of the amino acid per 100 mL (35) ; however, we could estimate that from 1.4 to 2.4 mg endogenously converted niacin could be made across the range of the stipulated milk intakes (Table 1) . This would obviously contribute more vitamin in proportion to the higher volumes of milk; it would, however, completely close the intake gap only in the very youngest children (data not shown), ie, those whose milk allotments are highest and vitamin requirement is lowest. After 2 Assuming that breast milk provides 75% of daily energy requirements (22) . 3 Assuming that breast milk provides 50% of daily energy requirements (22) . 4 Assuming that breast milk provides 40% of daily energy requirements (22) . 5 Based on WHO (15) growth standards. 6 High bioavailability for zinc was defined as 50% and low bioavailability as 15%. 7 High bioavailability for iron was defined as 15% and low bioavailability as 5%.
9 mo of age, niacin gaps would still remain, albeit smaller than those shown in Table 3 .
In selecting participants to serve as models for the ideal family foods, we recognize certain limitations and caveats of the Concordance Study as documented by Vossenaar et al (17) (18) (19) (20) . The limitations of the Guatemalan population sample and dietary assessment tools used are summarized. The use of convenience samples, stratified equivalently by social class, sex, and residential area, voids any pretext to national representation. High illiteracy rates and lack of experience with questionnaires might have affected the accuracy of the responses, even though all data were collected by means of facilitated face-to-face interviews. Further limitations are the use of food-frequency instruments, which are likely to evoke overreporting (36) and limited validation studies. This would tend to bring the population mean, such as in nutrient adequacy, closer to concordant levels.
Consistency and significance of the findings
The Guatemalan family foods used as reference for CF in this work were based on the Positive Deviance approach to represent the best (ie, the most nutritionally adequate) of what is being practically consumed in low-income families. Surprising and unexpected was the demonstration that the most successful low- income Guatemala families could match or exceed the recommended intakes for certain nutrients from the highest tier of the WHO/FAO standards (24) . For instance, infant intake of protein, obtained from both human milk and family foods, is amply adequate (data not shown). However, even in the bestcase scenario for intake of family foods in poor households (Table 5) , micronutrient recommendations were not met for vitamin A, niacin, vitamin B-6, folate, calcium, iron, and zinc for a girl growing at the 15th percentile. Indeed, the lesser food intakes appropriate for smaller infants and toddlers compromise the consumption of those micronutrients obtained from CF. Therefore, even if family foods in Guatemalan households were to meet the RNI's highest nutrient recommendation standards (24) , the same pattern of deficits from complementary feeding would remain given that the modeled critical nutrient densities for a child growing at the 15th percentile are much higher than for pregnant and lactating women. It is interesting to note that the modeled critical nutrient density for vitamin A was higher than the nutrient density observed for ideal family foods for girls in the 7th to 12th mo of life growing in the 15th percentile of the WHO growth standards, regardless of the mandatory fortification of table sugar with preformed vitamin A at 10 mg/kg (31) . When modeling nutrient densities of the typical Guatemalan diet based on mean nutrient intakes of the Concordance participants with nutritionally less adequate diets (n = 513), we found even more exaggerated patterns of nutrient gaps (data not shown). The nutrient density of these participants was lower for vitamin A, folate, vitamins B-12 and C, and zinc. The observed nutrient densities for vitamin A, folate, and zinc were below the modeled critical nutrient densities in some or all infants, whereas the densities for vitamins B-12 and C remained adequate in all infants.
Policy implications of the findings
Our findings suggest that the assumption that family foods could consistently fill the gap remaining after breast-milk intake must be called into question. After 6 mo of age, the nutrient density of human milk becomes progressively dilute as a micronutrient source in relation to the requirements for growth, and a greater demand is placed on the CF component of the diet. In particular, major gaps for calcium, iron, and zinc were ubiquitous across age groups, sex, and assumed child body weight, as previously observed in several developing countries (16, 37) . Logically, only a reduction of the volumes of breast milk below those stipulated in the model would allow the best-case family foods to meet full recommended intakes for older infants and toddlers. However, such a direction runs directly contrary to the spirit of current international recommendations (7) . As such, the consequences should incline pediatric practitioners and public policy decision-makers to contemplate the need for some contribution of home fortification (38) (39) (40) or prefortified complementary food sources (with special emphasis on iron, zinc, and calcium) to be integrated into family foods and breast-milk regimens to ensure satisfaction of all nutrient intake requirements throughout the critical 24 mo of early life. 2 Nutrient density of the observed diet of the urban poor Guatemalan participants of the Concordance Project with a nutritionally adequate diet used to model the ideal family foods (rural, n = 40; urban marginal, n = 42) (17) (18) (19) (20) .
3 Critical nutrient density of CF calculated as the nutrient gap between the recommended nutrient intake and nutrients delivered by breast milk divided by the energy provided by CF as presented in Table 4 . 4 Values have critical nutrient densities above the nutrient density observed in ideal family foods. 5 Assuming low bioavailability (15% for zinc and 5% for iron).
